Supplementary File 1
Teaching materials for renewable energy learning session

The main theme of the lesson was led by the question: “How we can learn from the nature to generate renewable energy? By “Nature”, we mean living organisms.  The introduction described traditional methods for electricity generation by combusting fossil fuels and its negative impact on the environment. We explained how the combustion reaction causes to a "greenhouse effect” that is thought to increase the global warming by anthropogenic intervention(1). 

To answer the question: “How we can learn from Nature to produce renewable energy?”, we provided a few examples from different natural and biologically engineered systems. The model organisms were sunflowers, squid and its symbiotic bacteria, and Zn/boiled potato batteries. 

Example 1 - Sunflowers.  An introduction was given about sunflowers structure and mechanisms for ‘following the sun’, ‘sunflower building structure’ and ‘sunflower solar panel structure’. (a) Follow the sun mechanism: during the day, the young sunflowers can track the sun (circadian clocks) in order to maximize the light absorption (2). Solar panels technology for solar electricity generation was introduced (3). By learning the sunflowers circadian mechanism and implement it on solar panels, the solar panels could improve the energy production by tracking the sun (4). (b) ‘Sunflower building structure’: building with sunflower architecture could improve the building energy consumption (building consume more than 40% of energy in affluent economies). The roof of the building could mimic a flower by including solar panel; thus, similar to roots, the living area would get a natural shadow, reducing total energy requirement for cooling. This sunflower-like building could potentially increase the energy efficiency of the whole building (5). (c) ‘Sunflower solar panel structure’: producing sunflower-like solar panel could be more esthetic than the conservative square structure solar panel, which could make the solar panel more attractive for customers(6). 

Example 2 - Hawaiian bobtail squid.   Euprymna scolopes and its symbiotic luminous bacteria Vibrio fischeri (7). A description was given about the squid and an illustration was given about the squid natural predators (fishes). The children gave different guesses how squid protects itself at dark. The answer is the squid has a light organ that allows him to camouflage itself and avoid from predators to detect it at night (8). The bioluminescent bacteria V. fischeri released from the light organ(9) at night, and makes the squid be invisible compared to the light that comes from the shallow water (from the moon and stars) (10). This squid-bacterial interaction was introduced to show that there are microorganisms that can produce light (11). If those bioluminescent bacteria would be grown at a proper medium and right conditions, they potentially could be luminescent and be used for human needs such as illumination (12,13).

Example 3 -  production of electricity with boiled potato (14). In some places around the globe (mainly in developing countries), there is no electricity in the grid (15). In order to get light, the residences at those places have to use expensive and inefficient batteries or kerosene lamps, which could have toxic effects at close places (16). An alternative energetic source was described. A boiled potato that connected to a LED and produces non-toxic cheap light source. Boiling the potato increases efficiency by the reduction in the internal impedance. The power production increased up to 10 times than untreated potato. After the use, the potato can be composted and thus recycled (Figure S1).

At the end, the lesson was summarized. The sunflower example was discussed in terms of inspiration from nature; how we can borrow information from it and improve the energy production using the structures that appear in nature. The squid-bacterial interaction was discussed as an example of a way to imply already exist living organisms as a lightning source. The potato example was discussed as a way of electricity production, which using biological source (biomass) and convert energy source for renewable energy production. 
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